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ABSTRACT 
This study aimed at analyzing the vibration of various tennis rackets, which were 
composed by the mixture of carbon fiber and glass fiber. This study was also to  
investigate how the wrist joint of the player and rebounding velocity of the ball from 
each racket were affected by the vibration of the racket. There were eight different 
kinds of tennis racket, composed by mixing carbon fiber and glass fiber in the ratio of 1 
to 0, 6 to 1, 5 to 2, and 4 to 3. The angles of the fiber were arranged in 22 degrees and 30 
degrees with respect to the longitudinal axis. The rackets had the same weight, string 
tension and balance. In this study, one experiment was to monitor the vibration in the 
grip of every tennis racket and in the wrist joint of participant. The other experiment 
was to distinguish the coefficient of restitution between the ball and everyone of eight 
different rackets. 
Two accelerometers (1000 Hz) and Biovision system were attached to each racket 
to acquire the vibratory signals. The impact of the tennis ball was set in the velocity of 
28 m/s or so. Peak Motus system with one high-speed video camera (1000 Hz) was 
used to record the kinematics data and to calculate the coefficient of restitution between 
the ball and racket. The selected variables in the experiments were tested by two-way 
ANOVA at α=.05 significant level. 
The results of this study indicated that the racket had lower value of max vibratory 
amplitude for fiber angle at 30 degrees than at 22 degrees. The value of max amplitude 
on tennis racket grip was significantly decreasing as the content of carbon fiber in the 
racket was increasing. Therefore, more the component of carbon fiber, the tennis racket 
would lost less mechanical energy, and had higher coefficient of restitution between the 
ball and racket. One the other hand, however, the amplitude and the ratio of logarithmic 
decrement were significantly increasing on the wrist joint as the content of carbon fiber 
in the racket was increasing. Consequently, this phenomenon indicated that the wrist 
joint would absorb more vibratory energy from racket made by pure carbon fiber. 
Thereby, the player would bear extra load in the arm and affect his/her performance in 
long term consideration. 
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???????????????????????? 
 
??????? 
    ??????????? Redlake?????????????
???????????????????? 1000 ???????
???????? 7.5 ????????????? Peak ???
Motus???????????????????????????
???????Cubic Spline smoother??????????????
??????????????????????????????
? 3? 4????????????????????????? 4
? 5????????????????????????????
???? 
 
???  ??????? 
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?????? 
    ??????????????????Two-way ANOVA??
??????????????????????????????
??????????????????????????????
??α =.05 ?????????????????LSD Method??
??????Kirk?1995???????? SPSS 8.00????? 
 
 
 
 
 
???  ????? 
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????????? 
 
    ?????????????????????????
??????????????????????????????
?????????????Logaritmic Decrement Equation???
??????????????????????????????
??????????????????????????????
??????????????????????????????
?????????????? 
 
 
?????????????????? 
 
    ?????????????????????????
??????????????????????????????
??????????(First Mode)?????????4-1???? 
???  ????? 
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? 4-1??????????????????-X? 
?????-Y???????? 
 
 
????????(??)??????????????????
??????????????????????????????
????????????????????????? 
 
?????????????? 
        ?4-1? ????????????????????? 
?????????????????????????????? 
??????????????????????????????
??????F?3,72?=62.122?p?.05?η2?.721?Power?1.000???
???  ????? 
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??F?3,72?=13.375?p?.05?η2?.358?Power?1.000?????F?3,72?
=22.319?p?.05?η2?.482?Power?1.000???????????
????????????????????????? LSD??
??????????????? 4-2?4-3? 4-4? 
 
    ??Kirk?1995??Tomas?Salazar ? Lander?1991?? Cohen
?1969??? η2? 0.2?????????η2? 0.5???????
????η2? 0.8????????????? 4-2?4-3? 4-4??
??????????????????????????????
??????????????????????????????
?????????????? 30???? 22?????????
????????????? 86???????????????
??????????????????????????????
?????????????? 30????????? 22????
??????????????????????????????
?????? 86??????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
???  ????? 
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??????????????????????????????
?????????????? 
    
?????????????? 4-2?????????????
??????????? 57??????????????? 100
??????????????????????????????
??????????????????????????????
100?????????????? 57?????????????
?????????????? 
 
 
 
 
 
 
 
???  ????? 
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? 4-1???????????????????????????
???????????  
? ? ? ? ? ? 
 ?100? ?86? ?71? ?57? 
 ??? ??? ??? ??? ??? ??? ??? ???
????
22?         
 ?? 155.72 4.23 159.99 3.51 149.67  5.11 148.18 1.90 
??? 197.54 7.06 206.66 5.72 182.41 12.55 176.05 7.62 
??? 233.55 4.95 211.56 6.34 216.23  8.75 200.89 4.33 
????
30?         
 ?? 145.25 3.80 147.53 4.64 152.85  3.33 164.35 2.74 
??? 198.88 6.54 188.22 3.82 176.05  5.46 151.55 4.57 
??? 220.02 3.41 216.53 4.88 230.81  3.47 212.29 8.73 
???g                                                              ?p?.05 
 
 
 
 
 
 
 
 
 
 
 
???  ????? 
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? 4-2???????????????????????????
??????????? 
???????? MS F η2 Power?1?β?
????     
?22? a 299.874 20.010 .625 1.000 
?30? a 725.861 53.290 .816 1.000 
??????     
?100?b 547.581 33.904 .653 1.000 
?86?b 776.507 45.889 .718 1.000 
 71?b  50.435  2.714 .131  .345 
?57?b 1307.183 235.278 .929 1.000 
η2=?????effect size? 
adf?3? bdf?1  
?p?.05 
 
 
? 4-3???????????????????????????
??????????? 
???????? MS F η2 Power?1?β?
????     
?22? a 1949.588  26.157 .686 1.000 
?30? a 4140.191 153.316 .927 1.000 
??????     
100?b    8.898   .192 .011  .070 
?86?b 1700.352 71.938 .800 1.000 
 71?b  202.439  2.162 .107  .286 
?57?b 3002.230 75.986 .808 1.000 
η2=?????effect size? 
adf?3? bdf?1  
?p?.05 
 
???  ????? 
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? 4-4???????????????????????????
??????????? 
???????? MS F η2 Power?1?β?
????     
?22? a 1851.815 46.285 .794 1.000 
?30? a  627.850 20.321 .629 1.000 
??????     
?100?b  916.523  50.819 .738 1.000 
 86?b  123.853   3.868 .177  .461 
?71?b 1062.736  23.989 .571  .996 
?57?b  649.914  13.695 .432  .938 
η2=?????effect size? 
adf?3? bdf?1  
? p?.05 
 
 
??????????????? 
    ?4-5?????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
????????????????????????????F?3,72?
=3.890?p?.05?η2?.139?Power?.806?????F?3,72?=41.209?p
?.05?η2?.632?Power?1.000?????F?3,72?=24.608?p?.05?η2
?.506?Power?1.000????????????????????
???  ????? 
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???????????????? LSD????????????
????? 4-6?4-7? 4-8??? 
 
    ??4-6?4-7? 4-8???????????????????
?????????????????????????? 22??
?? 30??????????????????????? 57??
100????????????????????????????
??????????????????????????????
??????? 
 
????????????????????? 22 ?????
????? 30 ???????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
????????????? 22 ? 30 ????????????
?????????????????????????????
???????????????? 
???  ????? 
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??????????????? 4-3????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
????? 
 
? 4-5???????????????????????????
????????????  
? ? ? ? ? ? 
 ?100? ?86? ?71? ?57? 
 ??? ??? ??? ??? ??? ??? ??? ???
????
22?         
??? 0.647 0.051 0.803 0.032 0.782 0.075 0.781 0.036
 ?? 1.648 0.095 1.300 0.088 1.281 0.078 1.270 0.050
??? 0.504 0.058 0.346 0.038 0.586 0.095 0.757 0.073
????
30?         
??? 0.620 0.027 0.695 0.046 0.711 0.053 0.760 0.037
 ?? 1.637 0.191 1.517 0.083 1.415 0.108 0.821 0.072
??? 0.499 0.059 0.608 0.048 0.866 0.042 0.882 0.047
                                                              ?p?.05 
???  ????? 
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?? 
? 4-6???????????????????????????
???????????? 
???????? MS F η2 Power?1?β?
????     
?22? a  .0511 19.452 .618 1.000 
?30? a  .0340 19.733 .622 1.000 
??????     
100?b  .0038  2.271 .112  .297 
?86?b  .0589 38.018 .679 1.000 
?71?b  .0253 6.058 .252  .644 
 57?b  .0021 1.554 .079  .219 
η2=?????effect size? 
adf?3? bdf?1  
?p?.05 
 
 
 
? 4-7???????????????????????????
???????????? 
???????? MS F η2 Power?1?β?
????     
?22? a .294  61.619 .837 1.000 
?30? a .362 149.200 .926 1.000 
??????     
100?b  .0006    .026 .001  .053 
?86?b .236  32.421 .643 1.000 
?71?b  .0893  10.115 .360  .852 
?57?b 1.007 260.559 .935 1.000 
η2=?????effect size? 
adf?3? bdf?1  
?p?.05 
???  ????? 
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? 4-8???????????????????????????
???????????? 
???????? MS F η2 Power?1?β?
????     
?22? a 1851.815 46.285 .794 1.000 
?30? a  627.850 20.321 .629 1.000 
??????     
?100?b  916.523 50.819 .738 1.000 
 86?b  123.853  3.868 .177  .461 
?71?b 1062.736 23.989 .571  .996 
?57?b  649.914 13.695 .432  .938 
η2=?????effect size? 
adf?3? bdf?1  
? p?.05 
 
 
??????????????????? 
????? 
 
    ??????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
???  ????? 
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??????????????????????????????
?????????????(??)??????????????
??????????????????????????????
?????????????????????????????
???????????? LSD ???????????????
???????? 
 
????????????? 
? 4-9?????????????????????????
??????????????????????????????
??????????????????????????????
???F?3,72?=13.965?p?.05?η2?.355?Power?1.000?????F-
?3,72?=11.418?p?.05?η2?.322?Power?.999??????????
??????????????????????????????
???? LSD????????????????? 4-10? 4-12?
???????F?3,72?=1.629?p?.05?η2?.064?Power?.411???
??????????????????????????????
??????????????? 4-11? 
 
???  ????? 
 53
    ???????????????4-10? 4-12???????
??????????????????????????????
????????????????? 22???? 30??????
??????????????? 71?? 86??????????
??????????????????????????????
????? 71???????????????????????
?????????????????? 100??????????
????????????????????????    
 
????????????????????????????
??????????????????????????? 22 ?
?????????????? 30????? 4-4????????
??????????????????????????????
??? 57?????? 43??????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
?????? 
 
???  ????? 
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?? 
? 4-9???????????????????????????
?????????????  
? ? ? ? ? ? 
 ?100? ?86? ?71? ?57? 
 ??? ??? ??? ??? ??? ??? ??? ???
????
22?         
 ??? 28.904 1.114 24.833 0.776 24.227 0.906 26.917 0.923
??? 56.159 2.176 56.804 2.072 53.733 4.941 47.133 1.800
??? 35.021 1.793 41.588 2.722 40.075 3.356 39.261 2.367
????
30?         
 ??? 26.189 1.111 24.663 1.384 25.149 1.138 24.889 0.702
??? 54.489 2.426 53.299 1.787 53.411 3.097 46.951 1.765
??? 40.744 1.557 42.178 2.555 37.306 1.696 39.271 2.156
???g                                                              ?p?.05 
 
 
 
 
 
 
 
 
 
 
???  ????? 
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? 4-10???????????????????????????
????????????? 
???????? MS F η2 Power?1?β?
????     
?22? a 45.283 51.522 .811 1.000 
?30? a  4.546  3.683 .235  .757 
??????     
?100?b 36.850 29.788 .623  .999 
 86?b   .144   .114 .006  .062 
 71?b  4.245  4.014 .182  .475 
?57?b 20.564 30.559 .629  .999 
η2=?????effect size? 
adf?3? bdf?1  
?p?.05 
 
 
 
? 4-11???????????????????????????
?????????????? 
???? MS F η2 Power?1?β?
??     
????? b   40.340  5.519  .071  .640 
????? a 301.198 41.211  .632 1.000 
????*????a  11.906  1.629  .064  .411 
η2=?????effect size? 
adf?3? bdf?1  
?p?.05 
 
 
 
 
???  ????? 
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? 4-12???????????????????????????
????????????? 
???????? MS F η2 Power?1?β?
????     
?22? a 79.169 11.518  .490  .999 
?30? a 43.426 10.570  .468  .997 
??????     
?100?b 163.795 58.086  .763 1.000 
 86?b   1.745   .250  .014  .076 
?71?b  38.336  5.422  .231  .596 
 57?b    .000   .000  .000  .050 
η2=?????effect size? 
adf?3? bdf?1  
?p?.05 
 
 
????????????????? 
  ?4-13 ????????????????????????
??????????????????????????????
??????????????????????????????
??F?3,72?=16.770?p?.05?η2?.411?Power?1.000?????F?3,72?
=33.091?p?.05?η2?.580?Power?1.000?????F?3,72?=14.778?
p?.05?η2?.381?Power?1.000????????????????
??????????????????????????? LSD
???  ????? 
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????????????????? 4-14?4-15? 4-16? 
    ??4-14?4-15? 4-16?????????????????
??????????????????????????????
?????????????? 22????????? 57????
?????????2.161????????? 100????2.14???
?????????????????????? 86??????
??1.68??????????? 30????????? 100???
??????????2.04????????? 86???????
?1.21?????????????????? 22???? 30???
??????????????????????????????
????????????? 
 
    ????????????????????????????
???????????????????? 22 ????????
? 100?????????????1.71????????? 71??
??1.58???????????????????????? 57?
???1.25?????????? 30????????? 86????
???????1.40????????? 100??????????
?1.15???????????????????????????
???  ????? 
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??????????????????????????????
??????????????????????????????
???? 22??????? 30????????????????
??????????????????       
 
 
? 4-13???????????????????????????
??????????????  
? ? ? ? ? ? 
 ?100? ?86? ?71? ?57? 
 ??? ??? ??? ??? ??? ??? ??? ???
????
22?         
??? 2.138 0.133 1.681 0.116 1.864 0.372 2.161 0.164
??? 1.710 0.095 1.414 0.096 1.578 0.243 1.247 0.104
 ?? 0.416 0.067 0.646 0.069 0.573 0.152 0.771 0.063
????
30?         
??? 2.036 0.141 1.207 0.160 1.705 0.216 1.294 0.076
??? 1.146 0.069 1.399 0.096 1.158 0.067 1.347 0.124
 ?? 0.726 0.141 0.613 0.065 0.557 0.076 0.692 0.140
                                                                    ?p?.05 
???  ????? 
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? 4-5?????????????????????????? 
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? 4-14???????????????????????????
?????????????? 
???????? MS F η2 Power?1?β?
????     
?22? a   .530  10.788 .473  .998 
?30? a  1.476  60.256 .834 1.000 
??????     
100?b   .052    .743 .132  .348 
?86?b  1.122  57.418 .761 1.000 
 71?b   .125   1.351 .070  .196 
?57?b  3.754 229.192 .927 1.000 
η2=?????effect size? 
adf?3? bdf?1  
?p?.05 
 
 
? 4-15???????????????????????????
?????????????? 
???????? MS F η2 Power?1?β?
????     
?22? a  .403  18.259  .603 1.000 
?30? a  .168  19.875  .624 1.000 
??????     
?100?b 1.590 229.251  .927 1.000 
 86?b  .001    .132  .007  .064 
?71?b  .885  27.837  .607  .999 
 57?b  .050   3.840  .176  .458 
η2=?????effect size? 
adf?3? bdf?1  
?p?.05 
 
? 4-16???????????????????????????
???  ????? 
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?????????????? 
???????? MS F η2 Power?1?β?
????     
?22? a .219 24.128  .668 1.000 
?30? a .058  4.716  .282  .862 
??????     
?100?b .479 39.295  .686 1.000 
 86?b .006  1.224  .064  .182 
 71?b .001   .091  .005  .059 
 57?b .031  2.633  .128  .336 
η2=?????effect size? 
adf?3? bdf?1  
?p?.05 
 
 
???????????????????? 
 
????????????????????????????
??????????????????????????????
?????????????????????????????
1000Hz???????????? 3 ?? 4 ??????????
?????? 4 ?? 5 ???????????????????
??????????????????????????????
????????????????????? 4-17???????
??????????????? 
???  ????? 
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???????????? 
? 4-17?????????????????????????
??????????????????????????????
?????????????????????????F?3,72?=.273?
p?.05?η2?.011?Power?.100????????????????
?????????????????????????? 4-18 ?
??????????????????????????????
???????? 
 
???????????????????????????
?????? 22?????????????? 30????? 4-6?
??????????????????????????????
??????? 100???????????????0.334?0.316??
??????????????????????????????
??????????????????????????????
????????????????????????? 
 
? 4-17???????????????????????????
???  ????? 
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????????  
?? ? ? ? ? ??
 100? 86? 71? 57? 
 ??? ??? ??? ??? ??? ??? ??? ???
????
22?         
 ??? 0.334 0.016 0.312 0.013 0.322 0.022 0.322 0.018
??? 0.155 0.022 0.131 0.027 0.109 0.015 0.114 0.019
??? 0.367 0.022 0.357 0.016 0.359 0.040 0.324 0.012
????
30?         
 ??? 0.316 0.012 0.295 0.020 0.310 0.029 0.313 0.018
??? 0.156 0.013 0.146 0.012 0.118 0.012 0.128 0.029
??? 0.405 0.017 0.366 0.018 0.346 0.024 0.337 0.023
                                                          ?p?.05 
 
 
? 4-18???????????????????????????
????????? 
???? MS F η2 Power?1?β?
??     
????? b   .00384   .608  .128 .895 
????? a  .00159  4.378  .154 .854 
????*????a 9.8E-05   .273  .011 .100 
η2=?????effect size? 
adf?3? bdf?1  
?p?.05 
 
???  ????? 
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???????????? 
???????????? 4-17??????????????
?????????????????????????F?3,72?=.543?
p?.05?η2?.022?Power?.156????????????????
?????????????????????????? 4-19 ?
??????????????????????????????
???????? 
 
????????????????????????????
?????? 22?????????????? 30???????
?????????????? η2??.064???????????
??????????????????????????????
??????????????????????????????
??????????????????????? 4-6??????
??? 100???????????????20 ??0.155?30 ??
0.156????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????? 
???  ????? 
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? 4-19???????????????????????????
????????? 
???? MS F η2 Power?1?β?
??     
????? b  0.00192  4.905 .064  .589 
????? a 0.00697 17.839 .426 1.000 
????*????a 2.12E-04  0.543 .022  .156 
η2=?????effect size? 
adf?3? bdf?1  
?p?.05 
 
 
???????????? 
???????????? 4-17??????????????
???????????????????????F?3,72?=4.267?p
?.05?η2?.151?Power?.844?????????????????
???????????? LSD ???????????????
?? 4-20? 
 
    ???????????????4-20 ??????????
?????????????????????????????
???????????????? 22???? 30???????
????????????????? 100????????????
??????????????????????? 
???  ????? 
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?????????????? 4-6????????? 100???
??????????0.367?0.405??????????????
??????????????????????????????
???????????????????? 
 
 
? 4-20???????????????????????????
???????? 
???????? MS F η2 Power?1?β?
????     
?22? a .004  5.725 .323  .924 
?30? a .009 21.436 .641 1.000 
??????     
?100?b  7.35E-03 19.289 .517  .986 
 86?b  3.84E-04  1.350 .070  .196 
 71?b  8.96E-04  0.816 .043  .137 
 57?b  8.37E-04  2.436 .119  .315 
η2=?????effect size? 
adf?3? bdf?1  
?p?.05 
 
 
 
???  ????? 
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???? 22??? 57????????????? 
???? 
?? 
????
??(g) 
????
??(g) 
????
??(g) 
????
??(g) 
??? 
?m/s? 
???
?m/s?
1 148.58 66.40 26.89 3.66 27.89 9.23
2 150.79 68.60 26.29 3.56 29.21 9.72
3 147.97 64.74 27.17 3.98 28.87 8.48
4 150.63 65.86 25.49 3.72 28.07 9.24
5 150.02 67.53 27.98 2.89 28.38 8.36
6 148.17 70.35 27.34 4.15 27.87 9.45
7 145.70 65.68 27.55 3.73 28.16 9.22
8 145.73 69.96 25.83 4.49 28.59 8.75
9 146.22 69.78 26.33 3.40 27.15 9.29
 
 
 
? 
? 
? 
? 
10 148.00 70.12 28.31 3.94 27.89 8.67
1 169.29 48.53 46.69 15.94 26.28 4.05
2 168.25 46.02 46.32 12.49 27.04 3.20
3 169.64 47.04 47.85 15.75 26.65 3.47
4 172.60 50.24 45.72 15.47 27.18 2.94
5 184.70 46.85 45.16 14.88 27.50 3.01
6 186.26 50.67 49.02 15.69 27.53 2.39
7 183.13 51.84 44.48 12.38 28.32 2.68
8 173.06 48.95 49.05 15.05 28.38 3.00
9 184.67 52.54 47.14 14.38 26.99 3.29
 
 
 
? 
? 
? 
? 
10 168.90 52.00 49.89 16.56 27.13 3.02
1 196.38 100.85 35.81 15.98 29.68 10.34
2 202.59 84.24 38.36 17.32 28.79 9.73
3 206.99 98.67 38.29 15.21 28.43 9.18
4 200.02 97.39 41.74 17.10 28.55 9.10
5 198.29 101.68 38.19 16.14 30.41 9.25
6 205.24 89.61 38.01 17.98 29.35 9.60
7 194.72 87.85 43.69 19.74 28.43 9.22
8 200.93 96.70 40.75 18.12 28.29 9.02
9 197.27 85.59 40.58 19.92 29.17 9.22
 
 
 
? 
? 
? 
? 
10 206.45 101.45 37.19 15.30 27.96 9.02
 
?? 
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???? 22??? 71????????????? 
???? 
?? 
????
??(g) 
????
??(g) 
????
??(g) 
????
??(g) 
??? 
?m/s? 
???
?m/s?
1 138.15 69.10 23.65 5.14 28.03 8.94
2 146.46 64.75 23.82 5.11 28.12 7.65
3 152.60 66.20 24.31 2.68 28.47 8.97
4 149.88 72.08 24.85 7.48 27.64 9.42
5 145.52 69.77 25.31 2.66 28.38 9.02
6 155.50 65.79 24.32 4.20 28.28 9.54
7 152.33 70.98 23.88 5.18 28.36 9.88
8 153.69 65.86 22.37 2.69 27.53 9.22
9 152.63 78.75 24.21 3.70 27.83 9.11
 
 
 
? 
? 
? 
? 
10 149.95 62.53 25.54 3.96 28.14 8.69
1 170.56 50.32 50.01 14.44 27.56 3.40
2 165.79 52.49 53.72 15.94 26.90 2.32
3 169.35 50.80 48.04 18.56 27.60 2.98
4 189.45 49.15 53.45 23.78 26.70 2.89
5 177.08 46.43 49.75 19.63 27.43 2.55
6 200.07 53.88 48.38 12.87 27.85 3.02
7 195.29 54.89 56.10 15.72 28.40 3.12
8 197.60 48.25 60.29 27.40 28.49 4.00
9 183.09 49.28 62.61 28.43 28.17 2.77
 
 
 
? 
? 
? 
? 
10 175.82 50.55 54.98 22.94 28.08 3.21
1 203.83 110.47 38.34 22.06 28.67 7.88
2 218.09 128.67 44.99 32.15 28.93 10.03
3 233.17 141.46 42.91 17.66 27.42 11.81
4 217.20 111.49 39.57 25.02 26.25 9.62
5 228.27 103.98 44.66 23.40 28.78 11.13
6 212.41 133.66 38.93 20.79 28.67 10.27
7 210.83 121.36 40.62 23.44 28.39 9.67
8 216.12 112.99 34.76 23.80 28.84 9.74
9 209.63 118.79 39.74 23.63 27.96 10.21
 
 
 
? 
? 
? 
? 
10 212.78 124.57 36.20 19.19 27.69 10.64
 
?? 
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???? 
???? 22??? 86????????????? 
???? 
?? 
????
??(g) 
????
??(g) 
????
??(g) 
????
??(g) 
??? 
?m/s? 
???
?m/s?
1 161.40 72.58 24.46 4.89 27.51 8.67
2 160.60 72.51 23.83 4.18 29.55 8.38
3 166.64 72.25 24.46 4.92 28.49 8.63
4 157.81 70.55 24.81 4.74 28.20 8.91
5 160.53 67.80 24.77 4.71 28.48 9.03
6 157.76 72.36 25.21 3.50 28.75 9.24
7 163.24 71.95 23.98 4.64 28.23 9.36
8 153.82 73.10 24.85 5.14 28.58 8.58
9 157.64 71.85 25.40 4.91 28.29 8.77
 
 
 
? 
? 
? 
? 
10 160.47 71.76 26.55 4.90 27.78 8.85
1 209.23 54.09 54.74 13.28 27.77 3.35
2 210.87 50.17 58.40 14.01 27.57 5.10
3 198.41 60.25 57.55 13.13 26.90 4.20
4 211.25 60.52 58.54 12.09 25.82 3.80
5 210.02 57.16 54.28 13.65 27.99 4.02
6 203.27 49.05 53.32 14.56 28.28 3.66
7 206.32 56.97 59.49 14.82 28.38 3.23
8 209.36 55.30 56.16 13.91 27.83 2.89
9 195.70 60.18 58.13 11.36 28.53 3.15
 
 
 
? 
? 
? 
? 
10 212.17 61.14 57.42 12.35 28.69 2.79
1 204.46 145.94 39.87 22.37 27.94 9.96
2 201.84 151.33 38.59 20.07 29.13 10.89
3 204.41 142.58 40.58 21.50 29.64 10.13
4 209.62 152.24 40.99 24.02 28.58 10.44
5 214.84 150.55 45.34 29.06 29.18 10.13
6 219.35 150.35 46.17 24.23 28.68 10.23
7 216.35 146.95 43.81 25.34 28.50 9.79
8 210.55 158.83 38.09 21.33 28.57 9.56
9 218.81 150.28 41.86 20.59 29.12 11.18
 
 
 
? 
? 
? 
? 
10 215.32 148.35 40.58 22.57 28.23 10.33
 
?? 
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???? 
???? 22??? 100????????????? 
???? 
?? 
????
??(g) 
????
??(g) 
????
??(g) 
????
??(g) 
??? 
?m/s? 
???
?m/s?
1 147.52 82.75 28.83 2.70 28.34 9.75
2 153.04 85.87 29.08 3.09 27.14 9.92
3 154.90 79.77 27.96 3.62 28.46 9.75
4 155.97 84.00 29.84 3.04 28.09 9.44
5 158.37 84.07 30.10 4.00 28.06 9.66
6 150.45 79.37 30.87 3.67 28.68 9.36
7 159.43 84.32 27.77 3.18 28.39 9.29
8 158.55 77.16 28.61 3.61 29.26 9.19
9 160.24 77.69 27.28 3.68 28.33 9.20
 
 
 
? 
? 
? 
? 
10 158.72 80.58 28.70 3.94 28.23 8.86
1 187.57 39.03 57.43 14.59 26.36 3.28
2 202.87 39.84 52.45 13.30 27.37 4.93
3 206.12 38.57 58.09 15.09 27.65 4.63
4 205.18 34.04 56.60 14.77 25.94 4.64
5 195.72 35.55 55.28 15.93 25.80 4.70
6 203.17 40.55 55.26 15.25 27.88 3.83
7 187.68 41.37 59.21 16.19 27.75 3.58
8 194.96 42.25 58.27 18.70 28.31 4.28
9 191.31 35.49 55.62 12.74 27.27 3.85
 
 
 
? 
? 
? 
? 
10 200.84 34.47 53.37 13.69 26.43 4.16
1 230.61 138.81 35.92 23.65 29.00 9.66
2 231.76 145.65 35.42 22.46 28.67 10.08
3 229.57 151.54 37.45 24.48 28.23 9.61
4 243.54 138.82 33.65 22.19 27.60 10.15
5 226.15 143.85 36.42 23.78 27.40 10.02
6 236.86 146.02 32.88 21.70 27.90 11.26
7 237.40 131.15 31.60 21.59 28.49 11.08
8 233.25 135.56 35.26 23.95 28.29 10.85
9 235.63 135.13 36.40 25.36 28.73 10.76
 
 
 
? 
? 
? 
? 
10 230.77 145.52 35.20 23.80 29.17 10.49
 
?? 
 87
???? 
???? 30??? 57????????????? 
???? 
?? 
????
??(g) 
????
??(g) 
????
??(g) 
????
??(g) 
??? 
?m/s? 
???
?m/s?
1 165.56 75.05 25.17 7.00 26.51 9.27
2 167.61 79.27 25.09 6.37 27.15 8.14
3 164.92 76.29 24.90 7.06 26.77 8.04
4 167.92 83.36 24.58 6.32 27.16 8.75
5 165.08 75.33 24.09 6.66 28.14 8.23
6 160.92 78.65 24.17 7.39 28.69 9.23
7 165.29 75.11 26.48 7.13 28.24 8.78
8 160.74 71.97 24.48 7.48 29.25 8.53
9 165.07 75.66 24.54 6.77 28.59 9.27
 
 
 
? 
? 
? 
? 
10 160.39 78.02 25.39 7.77 28.23 8.98
1 156.38 65.27 46.00 10.24 27.01 4.70
2 154.14 59.58 46.56 14.22 27.32 2.90
3 150.87 68.87 44.24 12.74 28.19 4.48
4 143.84 63.79 47.44 12.40 27.77 3.22
5 153.29 67.70 46.24 11.07 26.79 4.63
6 152.57 71.35 49.26 13.60 28.26 3.47
7 145.34 70.63 46.99 14.16 28.58 3.29
8 157.48 63.28 44.97 14.13 28.48 2.69
9 153.87 67.84 49.90 14.51 28.56 2.96
 
 
 
? 
? 
? 
? 
10 147.68 69.26 47.91 15.07 28.47 3.33
1 202.26 82.56 39.55 18.65 27.02 9.95
2 205.75 84.17 40.71 19.45 28.16 9.92
3 214.30 90.78 38.57 19.66 27.76 9.69
4 233.40 90.65 37.86 21.06 26.92 9.76
5 212.57 90.40 44.40 20.10 28.07 9.80
6 213.65 97.88 38.24 16.13 28.37 9.23
7 207.79 87.86 38.60 21.55 27.98 9.28
8 205.32 82.86 36.86 15.82 29.22 8.79
9 211.09 82.88 40.20 20.45 28.36 8.59
 
 
 
? 
? 
? 
? 
10 216.76 89.34 37.73 19.98 28.36 9.35
 
?? 
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???? 
???? 30??? 71????????????? 
???? 
?? 
????
??(g) 
????
??(g) 
????
??(g) 
????
??(g) 
??? 
?m/s? 
???
?m/s?
1 152.58 74.64 23.62 5.32 28.16 9.72
2 148.61 79.44 24.75 3.57 25.67 8.69
3 157.44 73.99 24.59 3.59 28.45 9.61
4 154.20 74.25 25.13 5.78 27.68 7.68
5 156.52 73.73 26.83 3.68 28.35 8.89
6 151.52 73.40 27.34 4.65 28.23 7.27
7 154.14 71.51 25.25 4.88 27.90 8.25
8 149.30 77.64 24.28 5.82 28.39 9.29
9 155.82 73.97 25.21 6.06 29.21 9.20
 
 
 
? 
? 
? 
? 
10 148.34 78.59 24.49 3.80 28.13 8.28
1 175.55 43.23 52.22 16.21 28.83 3.89
2 175.97 38.55 47.70 18.54 28.27 3.67
3 180.32 43.65 53.07 17.90 27.85 3.45
4 173.74 36.62 51.96 17.79 27.65 2.90
5 178.98 48.22 54.89 15.73 28.39 2.79
6 177.26 41.97 51.01 15.78 27.38 3.43
7 171.08 48.61 56.68 18.63 27.77 3.23
8 185.65 38.84 52.87 19.31 28.43 3.15
9 165.23 41.44 58.78 17.04 28.23 3.67
 
 
 
? 
? 
? 
? 
10 176.69 48.34 54.92 17.65 28.93 3.13
1 225.58 94.28 37.35 20.71 25.68 8.25
2 228.42 94.85 34.94 20.62 27.62 10.35
3 227.15 100.15 36.65 20.20 27.68 9.50
4 229.76 101.27 34.28 18.11 27.34 10.42
5 235.65 94.44 37.87 23.50 28.12 10.42
6 230.78 94.43 37.81 21.45 28.74 10.37
7 235.78 105.97 39.72 24.23 28.27 9.46
8 233.26 92.87 37.45 21.31 28.53 9.25
9 232.66 99.65 39.34 24.78 29.26 9.39
 
 
 
? 
? 
? 
? 
10 229.08 93.92 37.64 22.82 28.24 9.24
 
?? 
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???? 
???? 30??? 86????????????? 
???? 
?? 
????
??(g) 
????
??(g) 
????
??(g) 
????
??(g) 
??? 
?m/s? 
???
?m/s?
1 145.58 70.10 21.98 6.73 28.45 8.86
2 146.94 68.30 23.83 8.73 28.79 8.26
3 142.89 70.69 25.76 7.46 29.27 7.73
4 153.32 75.25 25.84 6.34 28.95 7.98
5 144.98 72.35 24.78 7.80 28.22 8.45
6 145.74 78.86 26.01 7.44 27.78 8.57
7 139.78 72.28 25.50 8.42 27.56 8.23
8 151.74 77.12 24.36 7.51 28.89 7.84
9 150.74 78.69 22.90 8.22 28.37 9.28
 
 
 
? 
? 
? 
? 
10 153.58 73.47 25.67 5.68 28.78 8.78
1 185.67 42.22 54.34 21.58 28.36 3.82
2 184.92 46.31 55.19 19.50 28.52 3.69
3 190.09 41.82 52.17 17.15 28.74 3.78
4 190.71 35.41 50.69 21.02 28.66 4.29
5 190.05 39.38 51.86 16.06 28.76 4.62
6 193.82 42.64 53.96 18.16 28.21 4.63
7 186.75 40.30 52.07 17.82 29.22 4.19
8 186.03 42.45 55.59 24.30 28.31 4.38
9 181.60 43.35 55.37 18.93 27.89 4.13
 
 
 
? 
? 
? 
? 
10 192.55 39.90 51.74 21.01 28.04 3.98
1 212.62 125.60 43.51 22.88 28.38 10.58
2 216.06 121.15 40.38 20.56 28.89 9.83
3 221.92 114.55 41.28 23.77 28.76 9.79
4 212.72 115.15 44.64 23.46 29.20 10.80
5 215.65 112.99 39.00 20.42 28.70 10.36
6 215.77 113.91 46.58 23.74 28.68 10.79
7 210.85 122.17 40.10 23.61 27.63 11.13
8 218.80 112.69 45.01 24.49 28.59 10.57
9 227.01 122.28 41.00 24.13 28.98 10.35
 
 
 
? 
? 
? 
? 
10 213.92 118.95 40.28 24.83 29.00 10.63
 
?? 
 90
???? 
???? 30??? 100????????????? 
???? 
?? 
????
??(g) 
????
??(g) 
????
??(g) 
????
??(g) 
??? 
?m/s? 
???
?m/s?
1 150.88 84.19 24.11 2.79 28.49 9.35
2 146.11 78.34 25.57 4.34 29.12 9.18
3 144.30 75.96 24.81 3.91 28.85 9.29
4 141.37 73.08 26.12 3.47 28.68 9.03
5 140.34 79.51 27.35 3.37 28.46 9.39
6 147.03 78.67 26.20 3.59 27.85 8.79
7 143.26 76.96 27.35 3.46 28.39 8.56
8 140.93 75.85 27.48 2.99 28.88 8.38
9 148.57 78.35 26.38 4.24 29.03 9.27
 
 
 
? 
? 
? 
? 
10 149.75 81.05 26.51 3.32 28.78 9.17
1 208.29 37.85 52.69 18.88 28.89 4.83
2 194.12 36.60 54.30 15.51 29.37 4.22
3 195.06 30.13 58.55 17.91 27.88 4.58
4 200.89 36.39 54.58 15.90 27.53 4.83
5 200.53 40.13 52.28 19.23 28.37 4.20
6 196.34 36.35 56.90 19.66 28.74 4.74
7 202.55 33.07 50.67 17.72 28.72 4.29
8 204.71 47.67 54.52 18.60 28.73 3.88
9 185.01 56.07 57.06 19.23 29.33 4.32
 
 
 
? 
? 
? 
? 
10 201.26 38.34 53.33 16.32 28.63 4.67
1 215.95 133.08 41.38 18.26 28.69 11.78
2 220.92 132.76 38.71 17.22 28.57 11.90
3 218.22 140.57 38.86 18.82 28.99 11.25
4 220.78 143.90 40.81 17.53 29.13 12.50
5 215.88 127.87 42.24 18.24 29.32 12.02
6 220.36 138.45 38.61 18.82 28.69 11.13
7 225.98 124.68 42.29 20.49 28.45 10.90
8 217.31 139.98 40.91 20.28 28.76 11.26
9 224.83 125.28 42.87 18.18 28.93 11.78
 
 
 
? 
? 
? 
? 
10 219.92 130.65 40.77 21.36 28.29 12.11
 
